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Abstract 
 
 
 
1. Ecological citizen science initiatives are growing in popularity with the 
increasing realisation of the potential for occurrence records to contribute 
information on biodiversity. However, citizen science data are justifiably 
criticised for misidentification, uneven sampling, incomplete detection or 
selective reporting. 
2. Here, we test the accuracy of citizen science data for UK social wasp (Vespinae) 
species’ distributions. We compared data collected over two weeks by members of 
the public setting out baited traps across the UK and sending captured specimens 
for expert identification (1294 locations; 6680 wasps; 3 dominant species Vespula 
vulgaris (44%), V. germanica (44%), and Vespa crabro (6%)), with a four-decade 
long-term dataset established by the Bees, Wasps and Ants Recording Society 
(BWARS). 
3. The citizen science data were significantly less spatially biased than the long-term 
data, but they were more urban-biased. Species distribution modelling showed 
that, for Vespa crabro, just two weeks of citizen science generated coverage 
comparable to more than four decades of expert recording. 
4. Overall, we show that citizen science can be an extremely powerful and robust 
method for mapping insect diversity and distributions. We suggest that cautious 
combination of citizen science data with long-term expert surveying could be a 
highly reliable method for monitoring biodiversity. 
Introduction 
 
 
Systematic biodiversity surveys are expensive and time-consuming. Consequently, there has 
been a growing realisation of the potential for occurrence records to contribute information on 
biodiversity (Tingley and Beissinger, 2009). Recording schemes by expert amateur recorders 
(Isaac and Pocock, 2015) and, more recently, non-expert “citizen scientists” can generate useful 
data (Pocock et al., 2015). Mass participation citizen science projects appealing to the public can 
be especially useful because they can take advantage of wide geographical coverage and 
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potentially thousands of observers. By recruiting help from the public, projects have been able to 
study a range of taxa and ecological phenomena (Pocock et al., 2017). However, the validity of 
such projects has been questioned; for example, most citizen scientists lack the expertise to 
identify species (Lewandowski and Specht, 2015; Maldonado et al., 2015a), records tend to be 
opportunistic with uneven spatial coverage (Silvertown, 2009) and sometimes the lack of formal 
protocols makes it difficult to understand why some species were not recorded (Pocock et al., 
2017). These problems result in data that are patchy (Maldonado et al., 2015b) and often biased 
towards charismatic groups attractive to the public, e.g. Big Garden Bird Watch (Lewandowski 
and Specht, 2015). Despite taxonomic biases, there are examples of citizen science approaches 
on non-charismatic taxa such as spiders (Campbell and Engelbrecht, 2018; Hart, Nesbit and 
Goodenough, 2018; Wang et al., 2018) and beetles (Zapponi et al., 2017), and producing valid  
ecological insights (Pocock et al., 2017; Hart et al., 2018). Overall, it is not always 
straightforward to assess the validity of citizen science data since high-quality datasets for 
direct comparison are rarely available (Kamp et al., 2016; Dennis et al., 2017). Of course, the 
lack of high-quality datasets is one of the principle motivating factors for professional scientists 
to work with citizens (Silvertown et al., 2009; Strien, Swaay and Termaat, 2013). 
To investigate the validity of citizen science data for species distribution mapping, the UK- based 
Big Wasp Survey (BWS: www.bigwaspsurvey.org) focussed on an uncharismatic but well-known 
and relatively easily distinguished taxon of social wasps (genera Vespula, Dolichovespula and 
Vespa) with a simple protocol that removed misidentification problems; participants captured 
wasps over one-week using standardised baited traps and sent them for expert identification. We 
compare the citizen science data generated over two weeks from these collections with data for 
the same species generated by experienced recorders of collections with data for the same 
species generated by experienced recorders of the Bees, Wasps and Ants Recording Society 
(BWARS) over a 46-year period. This approach allowed us to investigate the extent to which a 
time-focused citizen science project can generate useful data on species’ distributions and to 
compare the usefulness of citizen science data for constructing species distribution models with 
data gathered by experienced recorders. 
 
  
4  
Methods 
 
2.1. BWS Data 
 
The Big Wasp Survey (BWS) ran from 26th August to the 10th September 2017. Advertised 
through national media, participants left out a wasp trap filled with beer or orange juice (Fig. 1; 
instructions at www.bigwaspsurvey.org) for 7 days. Trap contents with metadata (dates, bottle 
volume and colour, liquid used) were sent for identification by trained volunteers (blind-checked 
by PB and SS). It was possible for the study to use trained volunteers for identification because 
of the small number of potential target species (10 in total, including the newly arrived invasive 
species Vespa velutina). The centroid of the postcodes for each trap location were converted to 
OSGB grid references. 
 
Figure 1. Cumulative 
frequency distributions of nearest neighbour distances for wasp records from the Big Wasp Survey (top panel) and the Bees, 
Wasps and Ants Recording Society (BWARS, bottom panel). The y- axis is the cumulative frequency; the x-axis is the nearest 
neighbour distance, in metres (note different scale of the two panels). Black lines show the observed distributions, red lines 
are the expected distributions (if all points were distributed randomly) and the grey area delimits the range of expected 
values from 99 simulations. Insets show the spatial distribution of sample points (BWS: n = 543 1 km2 grid cells; BWARS:  n 
= 3378). 
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2.2. Recording Scheme Data 
 
 
We compared BWS data to BWARS records spanning 1970-2016 for the three most  
common species recorded by BWS (Vespula vulgaris, Vespula germanica, Vespa crabro). 
The BWARS records are generated in an ad hoc manner. BWARS is a subscription-based 
society (http://www.bwars.com/) whose membership largely consists of expert amateur 
naturalists. The BWARS data consist of opportunistic observations collected in an ad hoc 
manner. 
 
BWARS coordinates a network of regional experts who have responsibility for validating and 
verifying all records that are submitted to the society. The verification process includes 
consultation between recorder and expert in cases where the identification is questionable. 
The BWARS data consist of 7226 unique records of social wasps from 3378 1km grid cells 
(henceforth ‘monads’) in 838 10x10km grid cells (henceforth ‘hectads’). 
 
2.3 Spatial bias 
 
To test the extent to which BWS and BWARS data were spatially biased we compared the 
number of 1km cells in England, Wales and Scotland with the number that would be 
expected if sample locations were distributed randomly (Northern Ireland and Isle of Man 
excluded due to small numbers) using Chi-Square tests. We then conducted the same 
comparison on the 10 aggregate landcover classes from the CEH Landcover map 2015 
(Rowland et al., 2017) by classifying each km2 according to its dominant landcover type. 
 
 
Finally, we measured the spatial aggregation of each dataset by comparing cumulative frequency 
distribution of nearest neighbour distances (r) for each dataset with the null expectation. We 
compared this with the distribution of r expected if samples were unbiased by generating 99 sets 
of random points with sample size equal to the focal data set. To quantify deviations from random 
we summed differences between observed and expected nearest neighbour distances at each 
value of r to give a summary statistic, res_diff. 
 
 
For these spatial bias tests, we conducted the analysis for BWS using both the full set of monads 
and the subset in which at least one wasp was recorded. The former (“BWS traps”) reflects the 
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distribution of effort, whilst the latter (“BWS wasps”) reflects the distribution of wasp records, so is 
more directly comparable with the BWARS data. 
 
 
2.4. Species Distribution Models (SDM) 
 
We explored the information content of each dataset by fitting species distribution models (SDMs) 
to the records for the hornet, Vespa crabro. This species is well-suited for an investigation of this 
nature because it has a clear range margin in central Britain, unlike the two Vespula species, 
which are both distributed throughout Great Britain. We constructed SDMs based on BWS (n=100 
monads), BWARS (n=1895) and a third dataset comprising the union (n=1995). For each we 
sampled pseudoabsences from sites where either V. vulgaris or V. germanica were recorded but 
not V. crabro (BWS n=424; BWARS n=8488, union=8939). The number of pseudoabsences was 
set equal to the number of presence records. We fitted the distribution of V. crabro for both 
datasets using four covariates: the fitted distribution using a GLM and a GAM using the zoon 
package (Golding et al., 2017) in R with five predictor variables: mean temperature, summer 
precipitation (Fick, 2017), human population density (Reis et al., 2017), the areas of arable land 
and area of semi-natural habitat (Rowland et al., 2017). 
 
 
Results 
 
 
3.1 BWS data 
 
Of the 2377 people registered, 1294 people (54.4%) submitted their results from 1279 unique 
postcodes (1251 monads; 776 hectads). Of these, 551 traps (42.5%) contained wasps, 
representing 548 unique postcodes (543 monads; 441 hectads). Traps were concentrated 
around major conurbations (Fig. 1 top panel) and sparser sampling in rural areas, extreme 
regions (e.g. northern Scotland, west Wales) and national parks (e.g. New Forest, Lake 
District). 
 
 
A total of 6680 wasps from 551 traps were identified (180 wasps from 39 traps were too badly 
decomposed to identify). The three dominant species were V. vulgaris (44%; n=2942 wasps; 
n=407 traps), V. germanica (44%; n=2974 wasps; n=251 traps) and V. crabro (representing 6%; 
n=395 of the total identified catch; n=100 traps; Fig. 2). These species are known to have long 
colony cycles in the UK, with workers abundant in late summer. We detected a few individuals of 
the species with shorter colony cycles, which have typically come to their seasonal end at the time 
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of sampling (Vespula rufa: n=2 in 2 traps; Dolichovespula media: n=9 in 6 traps). We found that 
traps were more likely to capture wasps when baited with orange juice than with beer (χ2=7.0, 
P=0.007); counter-intuitively, we found that smaller bottles were more likely to capture wasps than 
larger bottles (χ2=48.3, P<0.001). We found no effect of bottle colour (χ2=4.23, P=0.12) on wasp 
capture. 
 
 
 
Figure 2: Records of the three dominant species caught in the Big Wasp Survey 2017: European hornet 
(Vespa crabro 101 traps), common yellow-jacket wasp (Vespula vulgaris; 407 traps) and the German wasp 
(Vespula germanica; 251 traps). 
 
 
 
3.2. Spatial bias 
 
 
All three datasets were spatially biased, but BWS traps and BWS wasps were both more evenly 
distributed across the UK than BWARS data (Fig 1, Table 1). All datasets had a higher than 
expected number of records from England, but this effect is stronger in BWARS data than BWS 
(Chi-square test (χ2 nation); p<0.001; Table 1). The BWS data - in a single survey window of just 7 
days across a two-week period - provided data for over half the number of hectads obtained from 
46 years of BWARS data (Fig 2), thus illustrating the power of citizen science for  
coarse mapping of species distributions.  
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Table 1. Spatial bias in recorder effort of BWS and BWARS. The column headed ‘BWS traps’ refers to the full dataset; the column 
headed ‘BWS wasps’ refers to the subset where at least one of the three common species was captured. Numbers in the first five 
rows refer to traps where wasps were recorded for BWS, and square kilometres where wasps recorded for BWARS. Both datasets 
have higher than expected number of samples in England, but to a stronger degree in BWARS (* =p<0.001). Conversely, BWS is 
more highly biased by land cover (χ2 land cover). res_diff is a measure of aggregation, where 0=random distribution: BWS samples 
are more evenly distributed across the whole of the UK than BWARS. 
 
 BWS traps BWS wasps BWARS 
Total monads 1279 548 5399 
England 1034 392 5137 
Wales 85 58 98 
Scotland 133 78 163 
other 27 20 1 
Χ2 Nation 395* 100* 3,472* 
Χ2 Landcover 3,296* 566* 2,748* 
res_diff 38.08 26.71 64.84 
 
Both BWS and BWARS were biased with respect to land cover type, but the effect differed 
among datasets. Both BWS and BWARS are biased towards Built-up areas and grassland, but 
the effect is far stronger in BWS; in addition, BWARS is strongly biased towards monads 
dominated by Broadleaf woodland (Table 2). 
Table 2. The level of sampling in different landcover types of BWS and BWARS data compared to the actual proportions of land cover 
types in the UK. The ratio column refers to the ratio of observed:expected number of monads dominated by each landcover class. 
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3.3 Species distribution models 
 
 
Species distributions generated by BWS and BWARS datasets were similar (Fig 3). The difference 
between the two different model types (GAM vs GLM), measured by AUC, was virtually identical to the 
difference between the models created using the BWS and BWARS data (Table 3), suggesting that the 
two are relatively similar. A combined output of the GLM and GAM models (union) appears identical to 
those of the BWARS models, suggesting the model is relatively unchanged by the addition of the BWS 
occurrences, although BWS 1outperforms both the BWARS and union datasets in most other metrics 
(Kappa, omission rate and Specificity score).  
The BWARS model suggested a consistently high occurrence of Vespa crabro across southern and 
central England, whereas BWS (but not BWARS) showed a high occurrence probability in only the most 
southern parts of the country (Fig 3). 
 
 
 
Figure 3: Species distribution maps for the European hornet, Vespa crabro. Each map is a combination of a different data set (the ‘Big 
Wasp Survey’ (BWS) or the ‘Bees, Wasps and Ants Recording Society (BWARS), or a union of the two) and a different model type 
(general linear model (GLM) or general additive model (GAM). The scale with each map is a measure of habitat suitability based on 
land cover type and human population density. The output of the unionised models (combination of BWS & BWARS) is very similar 
to the BWARS models. For AUC values (model performance), see Table 3. 
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Table 3. Performance metrics for species distribution models for the hornet, Vespa crabro.
 
 
Discussion 
 
 
We provide strong evidence that citizen scientists can generate remarkably high-quality data within very 
short timescales. Indeed, in this study a single week of nationwide citizen science sampling generated 
data with spatial coverage equivalent to more than four decades of expert recording from the UK’s 
current ‘gold standard’ wasp recording scheme. In this, the BWS is not alone; a Japanese citizen science 
study of bee distribution also performed better than models created with records from the Global 
Biodiversity Information Faculty (Suzuki- Ohno et al., 2017). 
 
Critical to this success, BWS data were collected using a standardised method that took advantage of 
the ubiquity and enthusiasm of the public even for uncharismatic species like wasps, resulting in large 
sample sizes and high geographical coverage. Moreover, identification to species level, always a 
potential weak link in citizen science projects, were undertaken by experts. Not only did this result in 
less geographic bias than established recording schemes (although still with some bias towards 
urban areas), but also species distribution models’ performance of citizen science data produced 
rapid results. 
 
 
Despite the success of the citizen science approach, there were issues. A bias towards gardens, and 
towards centres of high population density, resulted in an overall urban bias and distinct omissions 
from regions of low population density which would be difficult to rectify even with focussed 
recruitment. On the other hand, expert surveyors could be deployed to such under- reported regions. 
Data from the two sampling methods may therefore be complementary, but still omit remote rural 
environments, farmland and national parks. 
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Although the emphasis of our study was to examine the robustness of citizen science data, our analyses 
also revealed some new insights into Vespine biology and distributions in the UK. Firstly, the BWS 
model also suggested that urban areas may be less suitable for V. crabro than more rural areas, and 
this is despite the higher sampling effort in urban areas. Our results also reveal interesting differences in 
relative abundance between the two common species. V vulgaris was recorded in nearly twice as many 
trap locations as V. germanica (407 vs 251), yet the total number of records for the two species was 
virtually identical (2942 vs 2974). This suggests that V. germanica may be more locally abundant than V. 
vulgaris, or have larger mean colony size, at least during 2017. Bonanza “wasp years” and wasp-poor 
years have been recorded for both species with potentially two or seven year cycles of yearly 
abundance (Archer, 1985). The explanation for annual fluctuations in wasp abundances remain elusive, 
both weather and nest density have been implicated (Lester et al., 2017); long-term annual sampling 
through BWS may help understand this better, and thus help manage these insects for their ecosystem 
services and to minimise annoyance for the public (Sumner et al., 2018). 
 
 
The BWS and BWARS datasets differ not only in the protocol and sampling bias, but also in the length 
of time over which the records were collected. The span of the BWARS data includes a period during 
which Vespa crabro is known to have expanded its distribution in central-southern England since the 
1970s (BWARS, 2018). These factors make formal comparison of the SDMs difficult, but nonetheless 
our study shows that rapidly-collected citizen science data have real value. 
 
 
In our analysis, we simply compared SDMs from each dataset and from the merged datasets. New 
“integrated” SDMs account for different observation processes underpinning each dataset,although 
current implementations (Dorazio, 2014) generally assume that one dataset lacks any spatial bias. 
However, these developments, and the demonstrable value of snapshots from citizen science, suggest a 
future in which species are monitored by a suite of methods, each with complementary strengths and 
weaknesses. A specific strength of BWS is the opportunity to re-engage the same citizen scientists year 
on year, generating replicated sampling at the same locations. Such data would facilitate the study of 
how land- use and local climatic fluctuations affect wasp populations, diversity and distributions. 
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